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ABSTRACT 

The influence of multiplicity distribution (fluctuation of multiplic- 
ity in the event space) on the erraticity behaviour in high energy col- 
lisions is investigated via Monte Carlo simulation and compared with 
the experimental results from NA27 data. It is shown that, the erratic- 
ity phenomenon is insensitive to the multiplicity fluctuation. When 
the average multiplicity is low, this phenomenon is dominated by the 
statistical fluctuations also in the case of multiplicities, fluctuating 
from event to event. 
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Since the discovery of unexpectedly large local fluctuations in a high multiphcity event 
recorded by the JACEE collaboration the investigation of non-linear phenomena in high 
energy collisions has attracted much attention An anomalous scaling of factorial mo- 
ments, defined as 
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at diminishing phase space scale or increasing partition number M of phase space f^: 

FgOcM-^', (2) 

called intermittency (or fractal) has been proposed for this purpose in multiparticle system 
and has been observed successfully in various experiments 0] [|]. The average (■ ■ ■) in Eqn.(l) 
is over the whole event sample and rim is the number of particle falling into the mth bin. 

Recently, Cao and Hwa argued that besides the factorial moments Fq averaged over 
event sample, the fluctuation of single event factorial moments 
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in the event space can also be ultilized to characterize the dynamical property of the hadronic 
system produced in the collisions. 

The fluctuations of from event to event can be quantified by its normalized moments 

as: 

Cp,. = ^, = Ff' I^Pf")^ (4) 

and by dCp^^/dp at p = 1: 

S, = ($,ln$,) (5) 

If there is a power-law behavior of the fluctuation as the partition number goes to infinity 
(or as the resolution 5 = A/M becomes very small), i.e. 

Cp,g(M) oc M'^'(P), (6) 



the phenomenon is referred to as erraticity [0 . The derivative of the exponent V'g (p) at p = 1 



Wang et al. ^ have used this method to analyse the 400 GeV/c pp colhsion data from 
NA27 and really found evidences for the predicted erraticity phenomenon. Some physical 
conclusions have been drawn tentatively from this experimental finding. 

However, it is well known that the obstacle of event-by-event analysis is the influence of 
statistical fluctuations caused by an insufficient number of particles. The big advantage 
of sample factorial moments, Eqn.(l), in being able to eliminate the statistical fluctuations 
comes from the average over event sample. The same procedure cannot be applied to the 
event factorial moments of Eqn.(3) Qll^l- Since the number of particles in an event is 
always finite, event factorial moments cannot completely eliminate statistical fiuctuations 
and therefore cannot represent the dynamical probability moments associated with it. 

It has been shown [^] that a fiat probability distribution with 9 particles in each event, 
distributed according to the Bernoulli distribution: 

Bim, umIpi, ...,Pm) = —. '■ :PT ■ --plf, ^rn = N, (8) 

can reproduce the phenomenon observed in NA27 data P|. This indicates that when multi- 
plicity is low the fiuctuation of factorial moments in event space is dominated by statistical 
fiuctuations 0. The erraticity phenomenon observed in NA27 data is mainly due to statis- 
tical fiuctuations and has little to do with real physics. 

However, in order to draw a more reliable conclusion, it should be noticed that the 
multiplicity in NA27 experiment is not a constant, but is fiuctuating from event to event. 
How will this additional fiuctuation in the event space infiuence the fiuctuation in the same 
space of the factorial moment? To answer to this question is the main goal of this letter. 

Let us parametrize the multiplicity distribution in 400 GeV/c pp collision from NA27 
experiment [|l^ by means of a negative-binomail distribution (NBD) ||12|| : 



In Eqn.(9) the average multiplicity (ra) is taken as 9.84, the parameter k is fitting to be 
12.76, cf. Fig.l. 

According to the NBD distribution, Eqn.(9), 60 000 events are obtained using Monte 
Carlo method. In each event the phase space region is divided into M bins and the 
n particles of this event are allocated in these bins according to the Bernoulli distribution, 
Eqn.(8). The event factorial moments F'^^ and the corresponding Cp,g, Eg are then calculated 
according to Eqn's.(3), (4), (5). 

The results of InCp^g versus InM (g = 2,3,4) are plotted in Fig.2 together with the 



{n — 9), having only statistical fluctuations, we can see that the influence of multiplicity 
fluctuation is weak. When the average multiplicity is low, the erraticity phenomenon is still 
dominated by the statistical fluctuations, even in the case of multiplicities, fluctuating from 
event to event. 

In order to show the dependence of erraticity behaviour on the width of multiplicity 
distribution, i.e. the strength of multiplicity fluctuation in the event space, in more detail, 
we have done the same calculation by fixing the average multiplicity to (n) — 9 while varying 
the distribution width through changing the NBD parameter k from 0.5 to 18, cf. Fig. 3. 
The results for InCp^g and E are shown in Fig's 4(a) and (b) respectively. It can be seen 
from Fig's. 3 and Fig. 4 that, when the parameter k varies within the above-mentioned range 
the width of multiplicity distribution changes considerably while the erraticity phenomenon 
remains qualitatively the same. The corresponding curves are nearly parallel to each other 
at large M. 

In conlusion, we have been able to reproduce the erraticity phenomenon observed in the 
experimental data from NA27, using a fiat probability distribution with both statistical and 
multiplicity fluctuations. This means that when the average multiplicity is low, the erraticity 
phenomenon is dominated by the statistical fluctuations also in the case of multiplicities, 
fluctuating from event to event. Through varying the NBD parameter k over a large range, 
we have shown that the erraticity phenomenon is insensitive to the width of multiplicity 
distribution. 
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Figure captions 

Fig.l The negative-binomial distribution {{n) = 9.84, k = 12.76) fitting to the multiphcity 



distribution of 400 GeV/c pp colhsion. Data taken from |[TT 



Fig. 2 The Cp^g of fiat probabihty distribution with both statistical and multiplicity fiuctu- 



ations as compared with that of 400 GeV/c pp collision. Data taken from |11|. 

Fig.3 The negative-binomial distribution with various values of parameter k. 

Fig. 4 The Cp^g (a) and Sg (b) from fiat probability distribution with statistical fiuctuation 

and negative-binomial multiplicity distribution (with various values of parameter k). 
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